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tients demonstrated a mean daily pKt/V of 0.28 6 0.03 withTidal peritoneal dialysis: Comparison of different tidal regi-
25% TPD, 0.29 6 0.05 with 50% TPD, and 0.30 6 0.05 formens and automated peritoneal dialysis.
APD. The mean daily pCCr was 6.69 6 0.47 for 25% TPD, 8.09 6Background. The National Kidney Foundation Dialysis
1.30 for 50% TPD, and 7.63 6 1.13 for APD. There were noOutcomes Quality Initiative (DOQI) clinical practice guide-
statistical differences for pKt/V and pCCr within the 24 L group.lines have suggested minimal weekly Kt/V urea and creatinine
clearance goals for peritoneal dialysis patients maintained on Conclusion. When the duration of therapy and volume of
continuous ambulatory peritoneal dialysis (CAPD) and auto- dialysate volume are kept constant, TPD does not result in an
mated peritoneal dialysis (APD). Achieving these goals may improvement in clearances compared with conventional APD,
present problems, particularly in larger patients whose residual at least with dialysate volumes up to 24 L.
renal function declines. Thus, modifications of the dialysis regi-
men, such as tidal peritoneal dialysis (TPD), have been devel-
oped. However, the ability of TPD to improve the efficiency
The National Kidney Foundation Dialysis Outcomesof the dialysis procedure remains uncertain.
Methods. Stable, cycling peritoneal dialysis patients were Quality Initiative (DOQI) has recommend a total Kt/Vurea
placed into two groups to study the effectiveness of different of .2.0 per week and a total weekly creatinine clearance
TPD prescriptions on peritoneal clearances of urea and creati- (CCr) of .60 L/week/1.73 m2 as indicators of adequatenine. The volume of dialysis solution used and the duration of
dialysis for patients maintained on continuous ambula-therapy were fixed in the two groups. Comparisons were made
tory peritoneal dialysis (CAPD) [1]. Adequate clear-to conventional APD using multiple hourly cycles in which
spent dialysis solution was completely drained with each cycle. ances may not be achieved with standard CAPD therapy,
Group I patients received a total of 15 L of PD solution over particularly in patients with large body masses and in
9.5 hours in the dialysis unit. These patients received 10, 25, those with declining residual renal function. Thus, toand 50% TPD and APD on four separate days. Group II
attain the goals of the DOQI guidelines, modificationspatients received 24 L of PD solution over 9.5 hours. These
of standard CAPD therapy have been developed, includ-patients received 25 and 50% APD on separate days in the
dialysis unit. Peritoneal dialysis clearances for urea (pKt/V) ing a variety of automated cycler peritoneal dialysis regi-
and creatinine (pCCr) levels were calculated for both groups. mens, such as nocturnal intermittent peritoneal dialysis
The results were then analyzed to determine whether there
(NIPD), continuous cycling peritoneal dialysis (CCPD),was any significant difference among the various prescriptions.
and tidal peritoneal dialysis (TPD). An increasing per-Results. The data in the group I patients indicated a mean
daily pKt/V of 0.22 6 0.03 with 10% TPD, 0.23 6 0.02 with centage of cycling peritoneal dialysis patients in the
25% TPD, 0.25 6 0.02 with 50% TPD, and 0.26 6 0.02 with United States is maintained on automated dialysis ther-
APD. Paired t-test analysis for pKt/V demonstrated that 10 apy. The most recent U.S. Renal Data System reportand 25% TPD resulted in significantly lower values than 50%
indicated that in 1997, 31.7% of CAPD patients wereTPD and APD (P , 0.05). Mean daily pCCr L/24 h/1.73 m2
maintained on cycler therapy [2].was 6.03 6 0.72 for 10% TPD, 6.34 6 0.83 for 25% TPD, 6.65 6
0.51 for 50% TPD, and 7.01 6 0.96 for APD; these differences The role of TPD in achieving adequate clearances
were not significantly different. The data in the group II pa- has not been fully elucidated. For example, the ideal
duration of therapy, total volume of PD solution used,
and optimal percentage of the fill volume used as theKey words: dialysate, end-stage renal failure, creatinine clearance,
Kt/V urea, hemodialysis. tidal volume to maximize the efficiency of TPD have
not been fully explored. The literature, in fact, offers
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ances are significantly higher with TPD when compared The fill volume was 25 to 35 mL/kg, which was the volume
with CCPD [3]. In contrast, Balaskas et al [4] and Piraino, the patients were using prior to the study. The Home
Bender, and Bernardini [5] suggested that TPD and APD Choice was programmed for an ultrafiltration of 1000
resulted in similar rates of urea and creatinine removal. mL. On the first day of the study, the patients received
A recent multicenter prospective study by Rodriguez et 10% tidal dialysis (that is, 10% of the fill volume was
al noted that CCPD provided significantly better clear- programmed to be infused at equally spaced intervals
ances of urea when compared with 25 and 50% TPD, over the 9.5 h using all 15 L of dialysate). The patients
and that CCr values with CCPD and 50% TPD were returned on the subsequent two days to have 15 L of
significantly higher than with 25% TPD [6]. Vychytil et dialysate delivered as either 25 or 50% tidal dialysis. On
al demonstrated that TPD provided no better clearances the fourth day, the patient again returned to receive
than APD [7].
APD. In this protocol, 15 L of 2.5% dextrose were again
The present study was designed to evaluate the effect
used, and the fill volume remained at 25 to 35 mL/kg.of different prescriptions of TPD on urea (pKt/V) and
The Home Choice cycler was programmed to deliver sixcreatinine (pCCr) removal with peritoneal dialysis and to
or seven cycles of solution over the 9.5 hours in equallycompare these results with APD therapy in the same
spaced intervals to total 15 L of dialysate. This protocolpatients at comparable duration of therapy and volumes
allowed us to evaluate the effect of varying tidal prescrip-of PD solution.
tions on pKt/V and pCCr while maintaining the duration
of therapy and total dialysate volume constant.
METHODS
Patients were treated with APD at the New Haven Group II
CAPD unit as described previously [8]. Conventional The patients in this group received a total of 24 L of
APD is defined as APD using multiple short dwell cycles
dialysis solution. These patients arrived at 8 a.m. to the
in which the spent dialysate is completely drained with
CAPD unit to receive the 24 L of dialysis solution in 9.5each cycle. TPD is APD where a constant reserve volume
hours. All patients had an overnight dwell with 2.0 L ofof dialysate remains within the peritoneal space through-
2.5% dextrose solution, which was drained in the CAPDout the treatment, and a tidal volume is exchanged with
unit. The fill volumes were determined as in group I. Alleach cycle [5]. Patients were eligible to enter the study if
of the PD solution during the study was 2.5% dextrose,they had been maintained on peritoneal dialysis for a
and the programmed ultrafiltration was set at 1000 mL,minimum of six months and they were medically stable
as in group I. The Home Choice cycler was programmedwith no acute illness, peritonitis, or hospitalization for three
to deliver 25% tidal dialysis on the first day over 9.5months prior to the start of the study. All patients had
hours. The same patient then returned on subsequenta peritoneal equilibration test (PET), using standard
methodology [9] within one month prior to study enroll- days to receive 50% TPD and APD using 2.5% dextrose
ment. Patients with a low PET test were excluded from solutions over 9.5 hours. Ten-percent TPD was not stud-
the study. Twenty-six CAPD patients of the 126 cared ied, since 10% TPD was not technically feasible (the
for in our CAPD unit met the entry criteria for the study. Home Choice cycler cannot be programmed to deliver
Eight patients agreed to participate. The study design 24 L of dialysis solution with 10% TPD over 9.5 h). For
was fully explained to the patients, and informed consent the APD 24 L study, 12 to 14 equally spaced cycles were
was obtained from those patients who agreed to partici- used over the 9.5 hours using the 24 L of dialysate. As
pate. in group I, dialysate volume and duration of therapy
The patients were placed into two groups, and five were kept constant while altering the tidal volume and
patients were studied in each group. Two of the eight frequency of exchanges.
patients agreed to participate in both groups.
The total volume of dialysate drainage was recorded.
The dialysate was mixed, and aliquots were obtained andGroup I
analyzed for glucose, urea, and creatinine. The creatinineThe patients in this group received a total of 15 L of
levels were corrected for glucose levels, as previouslydialysis solution. This group arrived in the CAPD unit
described [5]. Five hours after the start of each study,by 8 a.m.. All patients were instructed to use an overnight
serum was obtained and sent for glucose, urea, and creat-dwell with 2.0 L of 2.5% dextrose dialysis solution prior
inine levels. Daily pKt/Vurea and pCCr values were calcu-to the study. This solution was drained in the CAPD
lated with the PD Adequest program [10].unit at the start of the study. The nursing staff pro-
Statistical analysis was performed with the two-tailedgrammed the Home Choice cycler (Baxter HealthCare
paired t-test, and the results were considered significantCorporation, McGaw Park, IL, USA) to deliver 15 L of
2.5% dextrose dialysis solution over a period of 9.5 hours. for P , 0.05 [11].
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Table 1. Daily dialysis urea dose (pKt/V) and peritoneal creatinine clearance (pCCr) values of patients in the 15 liter group
%TV or APD 10% 25% 50% APD
Mean pKt/V 0.2260.03a 0.2360.02a 0.2560.02 0.2660.02
D/P urea 0.6160.08a 0.6460.07a 0.6860.09 0.7060.09
Mean pCCr corrected L/24 h/1.73 m2 6.0360.72 6.3460.83 6.6560.51 7.0160.96
Mean pCCr uncorrected 7.1261.28 7.5161.53 7.8961.3 8.3461.74
D/P creatinine 0.4560.08 0.4760.09 0.4960.09 0.5160.11
Data are means 6 SD. Abbreviations are: TV, total volume; APD, automated peritoneal dialysis; D/P, dialysate-to-plasma ratio.
aP , 0.05 when compared with 50% TV and APD
Table 2. Daily pKt/V and pCCr in the 24 liter groupRESULTS
% TV or APD 25% 50% APDGroup I (15 L group)
Mean pKt/V 0.2860.03 0.2960.05 0.3060.05The five patients in this group included two females.
D/P urea 0.5560.12 0.5660.13 0.5960.15
Two patients were African American, one was Hispanic, Mean pCCr (6 SD),
corrected L/24and two were Caucasian. The mean weight (6 SD) of
h/1.73 m2 6.9460.47 8.0961.30 7.6361.13the patients was 92.4 6 19.2 kg, with a range of 67.9 to
Mean pCCr uncorrected 9.4862.10 10.0762.05 9.5762.04
116.8 kg. The mean height was 1.71 6 0.15 meters, with D/P creatinine 0.3860.09 0.4060.08 0.3860.08
a range of 1.54 to 1.90 meters. Standardized PET testing Data are means 6 SD. Abbreviations are in Table 1.
indicated that four patients had high average and one had
high transport characteristics using previously described
classifications [9].
As noted in Table 2, the mean pKt/V increased fromAs noted in Table 1, the mean pKt/V was 0.22 6 0.03
0.28 6 0.03 with 25% TV to 0.29 6 0.05 with 50% TVwith 10% tidal volume (TV). Kt/V increased as TV was
and 0.30 6 0.05 with APD; these differences were notraised to 25% (pKt/V 5 0.23 6 0.02) and 50% (pKt/V 5
statistically significant. The mean daily pCCr (corrected0.25 6 0.02). Kpt/V was the highest with APD (0.26 6
for 1.73 m2) was 6.94 6 0.47 for 25% TV, 50% TV 8.09 60.02). Using paired t-test analysis, the Kpt/V with the 10
1.30 for 50% TV, and 7.63 6 1.13 for APD. The meanand 25% TV was significantly less than with 50% TV
uncorrected pCCr was 9.48 6 2.10 for 25% TV, 10.07 6and APD (P , 0.05). A significant difference was not
2.05 for 50% TV, and 9.56 6 2.04 with APD. There werenoted for Kpt/V between 50% TV and APD.
no significant differences for pCCr within the 24 L group.The mean daily pCCr (corrected for 1.73 m2) was 6.03 6
The mean D/P urea ratios were 0.55 6 0.12 for 25%0.72 with 10% TV, 6.34 6 0.83 with 25% TV, 6.65 6
TV, 0.56 6 0.13 for 50% TV, and 0.59 6 0.15 for APD.0.51 with 50% TV, and 7.01 6 0.96 with APD. The mean
The mean D/P creatinine ratios were 0.38 6 0.09 foruncorrected pCCr was 7.12 6 1.27 for 10% TV, 7.51 6
25% TV, 0.40 6 0.08 for 50% TV, and 0.38 6 0.08 for1.53 for 25% TV, 7.89 6 1.30 for 50% TV, and 8.34 6
APD. There were no statistical differences in the 24 L1.74 for pCCr. There were no significant differences for group in these ratios.pCCr within the 15 L group.
Mean dialysis-to-plasma (D/P) urea ratios were 0.61 6
0.08 for 10% TV, 0.64 6 0.07 for 25% TV, 0.68 6 0.09 DISCUSSION
for 50% TV, and 0.70 6 0.09 for APD. There was a Recent studies have emphasized the need to maintain
statistical difference between APD and 10 and 25% TV. adequate dialysis clearances to minimize patient morbid-
The mean D/P creatinine ratios were 0.45 6 0.08 for ity and mortality on CAPD [12, 13]. Thus, DOQI investi-
10% TV, 0.47 6 0.09 for 25% TV, 0.49 6 0.09 for 50% gators have developed evidence-based guidelines that
TV, and 0.51 6 0.11 for APD. There were no statistical recommend a Kt/V urea of at least 2.0 per week and
differences in the creatinine ratios. creatinine clearances of 60 L/week/1.73 m2 for patients
on CAPD [1]. These rates of solute removal may be
Group II (24 L group) difficult to achieve with standard CAPD techniques in
The five patients in this group included one female, patients with large body mass, particularly as residual
three African Americans, and two Caucasians. The mean renal function declines [14]. In addition, DOQI has opin-
weight was 98.0 6 12.6 kg, with a range of 80.9 to 102.3 kg. ion-based guidelines that recommend higher target clear-
The mean height was 1.76 6 0.15 meters, with a range ances for those patients on APD [1]. These recommenda-
of 1.54 to 1.90 meters. There was one patient with a low tions include a Kt/Vurea of at least 2.2 with NIPD and 2.1
average, two with high, and two with high average PET for CCPD, and creatinine clearances for NIPD of at least
66 and 63 L/week/1.73 m2 for CCPD.results.
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The percentage of patients with end-stage renal dis- 1.7 and 3 L/hour, noted that TPD did not improve small
or middle molecule clearances when compared withease in the United States receiving CAPD therapy has
APD [7]. These authors further classified their patientsrecently begun to decline, as reported in the most recent
based on standardized PET testing and observed thatU.S. Renal Data System report [2]. This may in fact
patients with low and low average transport characteris-reflect the concerns of physicians of the ability to main-
tics had significantly lower rates of urea and creatininetain acceptable clearances with CAPD. The percentage
removal with TPD than with APD using dialysate flowof CAPD patients in the United States as well as world-
rates of 1.7 L/hour.wide who are maintained on APD systems has been
The present study was designed to evaluate pKt/Vgradually increasing over the last few years [2]. These
urea and pCCr with TPD using different tidal volumessystems have given the nephrologist the flexibility to
and a standard APD regimen. The efficacy of solutemodify the peritoneal dialysis prescription by adjusting
removal was evaluated in the same patients after theythe fill volume, total volume of PD solution used, and
were placed on 10, 25, and 50% TPD and APD. Thethe frequency of exchanges in an attempt to maximize
duration of therapy was fixed at 9.5 hours, and the vol-clearances. While conventional APD has become part
ume of peritoneal dialysis solution used was set at 15of the standard therapeutic regimen for patients main-
and 24 L. The results indicate that in the 15 L group, 10tained on PD, the role of TPD to enhance the efficiency
and 25% TV had significantly lower pKt/V urea whenof PD clearances in CAPD patients is still not well de-
compared with 50% TPD or APD. Furthermore, pCCrfined. Previous animal studies comparing CAPD with
was highest in the APD study and decreased progres-20% TPD in rats demonstrated significant increases in
sively as the percentage TV was decreased, althoughsolute clearance with TPD [15]. Theoretic clearances
statistically significant differences were not achieved.calculated by Twardowski and Nolph predicted that TPD
This finding suggests that APD or 50% TV would becombined with daytime exchanges would provide ade-
the preferred dialysis prescription when patients use 15 Lquate solute clearances in CAPD patients weighing up
or less total dialysate volume for nocturnal cycling. Theto 110 kg, even if they are low transporters, as deter-
data in the 24 L group indicate that the mean pKt/Vureamined by PET [16]. TPD permits a greater latitude in
and pCCr were lowest in the 25% TV study when com-modifying various aspects of the PD prescription, such
pared with the 50% TV and APD studies, although theseas the fill volume, the percentage of the fill volume used
differences were not statistically significant.as the tidal volume, and the frequency of exchanges.
In conclusion, when kinetic studies are done in a super-A review of the clinical literature on the effects of
vised setting, the duration of dialysis fixed, and totalTPD compared with CCPD or CAPD on PD clearances
dialysate volume controlled, TPD does not improve thereveals conflicting results. For example, Flanigan et al
efficiency of the dialysis regimen when compared withnoted that 50% TPD using 16 L of PD solution over 8
APD, at least in volumes up to 24 L. Furthermore, ma-hours provided similar clearances as CCPD using 9.5 L
nipulation of the tidal regime by altering the percentageof solution over 10 hours [3]. Piraino, Bender, and Ber-
fill volume used as the tidal volume does not result in en-nardini, however, noted that urea, creatinine, and phos-
hanced clearances over APD. Although TPD increasedphate clearances were similar with 50% TPD and APD
clearances in previous animal studies [15] and by theo-if the total PD volume used and duration of dialysis
retic modeling in humans [16], these findings have nottherapy were kept the same [5]. In their study, 30 L of
been substantiated in human studies. The reasons for thisdialysate were used over eight hours in patients treated
discrepancy are not clear. Possible explanations includewith both TPD and APD. In a 12-week cross-over study
incomplete mixing of the residual peritoneal dialysis so-involving 12 patients, Balaskas et al, using dialysate flow
lution and/or the presence of stagnant fluid layers in therates of 4 L/hour, suggested that 35% TPD was equiva-
peritoneal cavity. TPD, however, remains useful as alent to CCPD since serum chemistries and quality of life
therapeutic modality in those patients who develop painwere similar in both groups [4]; kinetic studies were not
with either complete drainage of peritoneal dialysis fluid
reported. A more recent multicenter study by Rodriguez from the abdomen or initiation of flow into an empty
et al suggested that TPD does not enhance clearances peritoneal cavity, since TPD minimizes the amount of
when compared with CCPD [6]. In their study, patients time the abdomen is completely drained of solution [17].
were placed on CCPD and 25 and 50% TPD, each for
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